INTRODUCTION
Polymer molecules in a good solvent in the absence of external factors adopt the conformation of a coil whose dimensions in the undisturbed state are usually characterized by the gyration radius R g = aM b [1], where М is the molecular mass of a polymer and a and b are constants. However, the coil conformation is mobile and may alter when subjected to external effects. In the chromatographic column, the polymer molecule always experiences the effect of two factors. First, the polymer molecule occurs in the mobile phase flow that causes its extension, and, second, it may appear in pores or channels with radii smaller than the radius of the coil, R g , which changes its conforma tion so that the molecule fits the geometrical radius of the pore. The change in the conformation of the mac romolecule under the action of external effects, inde pendently of chromatographic separations, has been studied fairly well in polymer chemistry.
De Gennes theoretically studied the change in the conformation of a macromolecule in a fluid flow caus ing its extension [2] . He predicted the existence of critical stretch ε с , at which the conformation of a mac romolecule changes from coil to extended. In accor dance with de Gennes, the coil to extended confor mation transition may occur either as a first order transition, depending on the rate field in which the macromolecule occurs. In any transition, a change in conformation, in de Gennes's opinion, occurs in a narrow range of stretching forces and, hence, in a nar row range of flow rates. Later on, these suggestions were repeatedly verified experimentally and theoreti cally, refined, and extended [3] [4] [5] [6] [7] . For example, I.M. Neelov et al. [4] simulated the coil extended conformation transition by using the linear freely jointed chain model and likewise arrived at the con clusion that the conformational transition occurs in a narrow range of stretching forces as soon as they attain critical value ε с . The value of ε с , as shown in [4] , depends on the molecular mass of the polymer: ε с~N -1.96 if hydrodynamic interactions are not taken into account, and ε с ~ N -1.55 if these interactions are taken into consideration (where N is the number of nodes in the theoretical model corresponding to the number of monomer units in a real molecule). Close values of the exponents for the above relationships were observed in the experimental study of the behav ior of polyacrylamide macromolecules [5] . However, it was noted that a change in the viscosity behavior of polyacrylamide solutions begins even at stretching forces that are a factor of 10 lower than the critical value. Hence, it was concluded [5] Abstract-For a monolithic capillary column based on polydivinylbenzene, a change in the elution profile of polystyrene standards with variation in the eluent flow rate is studied. It is shown that, for polymers with molecular masses up to 3 × 10 6 , the elution profile does not depend on the flow rate. For higher molecular mass polymers at low flow rates, there is a single almost Gaussian peak that splits into two peaks that move to different sides from the initial peak with an increase in the flow rate. A peak with a smaller retention time (peak I) rapidly attains the limiting elution time, and later on, its retention is independent of the eluent flow rate. In contrast, the retention time of the other peak (peak II) continuously increases with an increase in the flow rate of the mobile phase, so that, at high flow rates, this peak is retained for a longer time than the low molecular mass marker. The intensity of peak I decreases, while the intensity of peak II increases with an increase in the eluent flow rate; the ratio of their intensities tends toward a certain limiting value (≤1). The observed profile of elution of ultrahigh molecular mass polymers assumes the presence of a dynamic equi librium similar to that existing in the case of first order reversible reactions. For the assumed equilibrium, the rate constants of direct and back reactions are determined. It is found that these constants are close to the inverse maximum relaxation time of a polymer molecule. than the critical values of stretching forces are attained, although it is possible that these processes are not directly related to the conformational transition. This experimental result was confirmed by the simula tion of polymer behavior in terms of the FENE model (i.e., when the real polymer chain was replaced with the spring-ball model with springs of limited stretch ability and nonlinear elasticity) [6] . Simulation showed that the gradual transition from the coil con formation to the extended conformation occurs; four steps of this process were distinguished: equilibrium coil, distorted coil, partially disentangled coil, and dis entangled coil. In [6], the non steady state flow was considered; therefore, the authors of [6] did not emphasize how rapidly the transition from one con formation to another occurs, although it was men tioned that the transition to the fully extended confor mation is possible only in a steady state flow. The kinetics of the conformational transition was consid ered by J.G.H. Cifre and de la Torre [9] . It was inferred that, if stretch ε is much higher than critical value ε с , the time of the conformational transition depends on neither the polymer chain length nor whether hydro dynamic interactions are taken into account or not. At the same time, if the difference Δ = ε -ε с is not very high, the time of the conformational transition proves to be directly proportional to Δ. If the stretching force does not achieve the critical value (ε < ε с ), then, in accordance with [9] , the conformational transition does not occur.
Later on, the model developed by de Gennes for a polymer molecule occurring in the unbounded space was extended to polymers not subject to stretching but occurring in the confined volume, for example, in pores or channels [10, 11] . In this case, the conforma tion of a macromolecule is defined by the ratio between the radius of a macromolecule, R g , and the diameter of a pore or channel, D. If R g D, the con formation of the macromolecule will be the same as that in the free solution and it assumes the coil confor mation. If R g ~ D, the conformation of the macromol ecule in the pore or channel will correspond to the conformation proposed by de Gennes for polymers when critical stretch stress ε с is exceeded. In very nar row channels and pores, when D l p , where l p is the persistent length of a macromolecule, the polymer adopts an almost fully extended conformation [11, 12] . Between these two extreme cases (R g ~ D and D l p ), other intermediate conformations may be dis tinguished [11] ; as a consequence, the model system becomes close to that described by J.M. Wist et al. [6] for polymers in a flow in the unbounded space.
Because the key process, as follows from the above described publications, during both the flow induced stretching of macromolecules and the restriction of accessible conformations under the action of steric factors involves a change in the coil to extended con formation of a macromolecule, the same process is Ӷ Ӷ Ӷ regarded as key during the flow of polymer solutions through a porous medium, for example, a membrane or layer of packed particles [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] . The most impor tant consequence of the de Gennes theory describing the flow of a polymer solution through a porous medium was the prediction of the fact that, at a certain flow rate that exceeds certain critical value q с , macro molecules whose diameters are greater than the diam eter of the channel or pore nevertheless may pass through it owing to unfolding of the macromolecule. In accordance with de Gennes, the critical value may be determined via the expression
where k B , T, and η are Boltzmann's constant, temper ature (in K), and eluent viscosity. The critical param eter depends on neither the radii of macromolecules nor the radii of channels or pores. H. Ge et al. [17] experimentally verified Eq. (1) during filtration of polystyrene solutions through an inorganic membrane at various temperatures. It was found that, in fact, the experimental value of q c = 5.56 × 10 -15 mL/s is inde pendent of the polymer molecular mass, but is a factor of 10-200 smaller than the value predicted through formula (1). Under the assumption that the extended conformation of a macromolecule of mass М has a diameter equal to channel diameter D and is com posed of n = М/М 0 segments, the authors of [17] arrived at the refined expression ,
where D is the diameter of a macromolecule corre sponding to the diameter of a channel or pore, М 0 is the molecular mass of the segment, l is the effective length of the segment, and k and α are constants in the Mark-Houwink equation D = kM α . In accordance with formula (2), the critical flow rate depends on the channel diameter; this fact, in the opinion of the authors of [17], explains the above discrepancy.
Another expression for the critical flow was derived by X. Liu and et al. [19] , who studied the behavior of macromolecules during their passage through a chro matographic column packed with a granulated non porous sorbent with an average particle diameter of d p . The authors of [19] proceeded from the critical value of the Deborah number (De), which was suggested by de Gennes. This parameter assumes a value of 0.5 dur ing the transition of a macromolecule from the coil conformation to the extended conformation. From this, X. Liu and et al. [19] derived the critical value of the flow rate:
where k 1 and С are constants and r is the radius of an empty column. In accordance with expression (3), the 
